Abstract -The present study investigates an oil spill event in the Al Khafji region using Sentinel 1 SAR images. Al Khafji is on the border between Saudi Arabia and Kuwait in the Persian Gulf and it is considered a neutral zone. Al Khafji region has the potential to produce more than 470,000 barrels of oil per day (Mbbl/d). Methods based on multi sensor satellite images (Sentinel-2, Landsat 8, Terra, Cosmo_SkyMed, RADARSAT, etc.) analysis have been developed for detecting oil slicks from known natural seeps as well as oil spill events. In this paper, one of these methods is applied to Sentinel 1 images of a known area of natural oil outflow and of a recent oil spill event in Al Khafji zone. The Synthetic Aperture Radar (SAR) is recognized as the most important remote sensing tool for sea and ocean waters oil spill monitoring, recording, documentation and dissemination. Oil spills have been detected and characterized by using the SAR images over the Persian Gulf. In particular, this paper discusses oil spills detection in the Persian Gulf assessed by using Sentinel 1 (SAR) images. Results showed the suitability of the VV polarization of the Sentinel-1 for detecting oil-spills as well as the reduced utility of the VH polarization in this context.
Introduction
The fast growth of population and industrial activity is causing a proportionate increase of energy consumption all over the world and the risk of pollution to oceans, land, air, in one word to the environment and the living beings has become inevitable [1] . Energy consumption still heavily relies on fossil fuels [2] [3] but the transition towards a Renewable Energy Sources (RES) based system is continuing stronger every year [4] [5] . As a matter of fact, in 2016, solar PV systems accounted for 47% of the total newly installed power capacity, followed by wind power with 34% and hydropower at 15.5% [6] . Research is now moving towards the concept of Smart Energy Systems (SES) [7] thus studying integrated systems aiming at coupling and improving the main energy sector [8] [9] on the other hand, the focus is also increasing in the field of air and sea pollution evaluation [10] [11] [12] environment sensitivity [13] [14] [15] and risk assessment, especially those due to oil spill events [16] [17] [18] [19] [20] .
In this context, the use of multi sensor satellites images has become a common practice to monitor environmental pollution and in particular to detect oil spill occurrences [21] . Methods based on the analysis of multi sensor satellite images (e.g. Sentinel-2, Landsat [22] , Terra, Cosmo_SkyMed, RADARSAT, etc.) have been developed for detecting oil spills from known natural seeps as well as for extraordinary human related oil spill events.
Today, the detection approaches for monitoring and recording oil spill events are usually divided into two types depending on the exploitation of optical or SAR (Synthetic Aperture Radar) satellite sensors [23] [24] . The Synthetic Aperture Radar satellites have been rapidly developing in the last decade since the ESA ERS satellites launched in 1991 [25] and it became an effective tool in oil spill monitoring. That is mainly due to its capability to offer synoptic data of wide areas and imaging ability in all weather conditions during day and night times [26] [27] . Therefore, SAR sensors represent today an effective and efficient tool to monitor oil spill on global seas and ocean waters [25] [26] [27] [28] . European Space Agency (ESA), has recently launched in orbit, as part of its ambitious Copernicus Earth Observation program, the European Radar Observatory (Sentinel-1) [29] , for providing routinely, 24 hours, all-weather coverage of land and ocean. Free and open Sentinel-1 data access is provided. The unique data availability performance of the Sentinel-1 routine operations makes the mission particularly suitable for, apart others, emergency response support and marine surveillance [29] .
Oil spills are environmental disasters that most often lead to negative important factors on aquaculture, sea grasses, coral reefs, desalination plants, fish industrial, seashell and crab farms, and tourism activities [30] . Many studies on oil spills detection and analysis have been conducted in most of the main seas and oceans with different satellites and methods: Li [30] , Simecek-Beatty [31] , Lardner [32] , Guo [33] , Mera [34] , Romero [35] .
The aim of the paper is to analyse oil spills occurred in the Persian Gulf by using SAR sensor images. In particular, one oil spill event was investigated using Sentinel 1 (SAR) images in the Al Khafji region between Kuwait and Saudi Arabia. This study proposes an automatic image processing technique specifically aimed at detecting oil spill events.
Site Description
Persian Gulf covers an area of about 251,000 square kilometres and it is connected to the Gulf of Oman in the east by the Strait of Hormuz. Its length is around 989 kilometres and its borders includes Iran, Saudi Arabia, Kuwait, Qatar, Emirates, Bahrain, Oman and Iraq.
Ras Al Khafji or Al Khafji (Fig 1) is an important area for oil extraction that has been shared between Kuwait and Saudi Arabia. In fact, it is a considered as neutral zone; due to this peculiar characteristic in recent history it has been one of the main reason for the Persian Gulf War in the beginning of the 90', the Battle of Khafji. It is on the border between Saudi Arabia and Kuwait in the Persian Gulf, precisely its coordinates are 28º 25' N and 48º 30' E. 
Method
This paper studied the oil spill happened in Al Khafji in July 2017. The Sentinel 1 images have been downloaded from https://scihub.copernicus.eu. The satellite has been designed and developed by the European Space Agency (ESA) and is part of a series of satellite missions called Sentinels (Sentinel 1, Sentinel 2, Sentinel 3, Sentinel 4, Sentinel 5, Sentinel 6) which will be launched in the framework of the Copernicus Earth Observation programme. The Sentinel-1 SAR sensor supports two different operation mode: single polarisation (HH or VV) and dual polarisation (HH+HV or VV+VH)( https://sentinel.esa.int).
Datasets
In this study one type of image has been used, namely Sentinel 1A, with two diferrent Polarization (VH and VV Polarization), those are summarised in Table 1 . 
VH and VV Polarization
Studies about oil spills proved that X-band radar performs better than others bands radar (e.g. C or L) as well as vertical (VV) polarization is better than horizontal (HH) or cross-polarization (HV) ( Table 2) . Typically, transmission and reception are in the same polarity polarization, i.e. VV or HH. But, there are actually 4 poles available: HH, VV, HV and VH. Use of all four of these is designated as quadrupole (or full-pole). Many studies on oil spill detection monitoring and characterization have been conducted in most of the main sea and ocean waters with polarized SAR satellites images: Skrunes [36] , Banks [37] , Velotto [38] , Marghany [39] , Silva [40] , Zhang [41] . 
Results
The Al Khafji oil spill in the Persian Gulf is shown in (Fig 2 and 3) , the big slick of oil can be seen in the Sentinel 1 image collected in July 2017. This paper focus on the use of VV polarization for oil spill detection and monitoring in sea and ocean waters. Fig. 2 and  3 show that vertical polarization (VV) is preferable to cross-polarization (HV and VH) for detecting oil spills. In fact, the presence of oil on the sea surface has a very little effect on VH or HV polarized images with respect to its effect on the VV polarized image, therefore HV (VH) polarization are less useful for detecting oil spills.
Sentinel-1 is not only the most important remote sensing tool for sea and ocean waters oil spill detection and monitoring but also the VV polarization gives better results than the other polarizations for detection and monitoring oil spill scenarios in marine environment. In this study, VH and VV polarizations have been tested for detecting oil-spills and results showed using VV polarization leads to greater accuracy. It is very clear the VV image is better for detecting oil spills and also can be used to difference between the VH and VV polarization, for detection oil spills in sea and ocean surface area.
The main reason for successfully by VV polarization for detect the oil spills, sensitive to the roughness of the sea and ocean waters surface. Two important factors in this case: wind speed and wind direction. imagery acquired at VV polarization by SAR satellite is the very sensitive to wind speed variability.
Not only suppression of the capillary sea and ocean water waves by oil spills reduces the surface roughness resulting in less radar emissivity, backscatter and darker area in images SAR satellites, but also detection of oil spills has been shown to be best in moderate wind speed between 3-10 m/s (http://www.nrcan.gc.ca).
Conclusion
In this paper reported the analysis by, high-resolution C-band dual-polarization VV/VH from Sentinel-1A satellite to detect oil spill in the Al Khafji zone in the Persian Gulf in July 2017. SNAP software has been used on Sentinel 1 imagery in order to detect oil spills. The software can be applied to Sentinel 1 images. It has been tested that the presence of oil on the sea surface has a very little effect on VH or HV polarized images with respect to its effect on the VV polarized image, therefore HV (VH) polarization are less useful for detecting oil spills. Using VV Polarization, the oil spill in sea water surface to the have been successfully detected. The preliminary results are considered successful and consistent, with a high degree of applicability to other Sentinel 1 satellite images satellite measurements prove to be an first important tool for oil detection and monitoring. The next steps will be to use GNOME software to simulate oil spill trend
